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Charge transfer plays key roles in many chemical and biological processes as well 
as in molecular electronics. In the field of biological science, the direct electron transfer 
(DET) reaction between redox proteins and electrode surface has been extensively studied. 
The electrochemical communication of metal proteins can be improved by protein or 
electrode modification. Owing to unique chemical, physical and electronic properties, 
metal nano-particles have emerged as excellent electrocatalyst for both simple interfacial 
electron transfer and bioelectrochemical processes. Generally nanoparticles are linked to 
both redox center of protein and underlying electrode by utilizing covalent, electrostatic or 
hydrophobic forces with the linker molecules. The nano-particles modified electrode 
significantly enhances the rate of interfacial electron transfer inspite of total distance 
increase between the redox center and the electrode. In addition, a number of reports have 
shown that in the presence of nano-particles the resistance of self-assembled linker 
molecules to charge transfer is avoided and electron transfer as efficient as bare electrode 
is observed. This feature has been attributed to the strong electronic coupling of Au NPs 
and underlying electrode through linker molecules. However, to date this beneficial role 
of nano-particle is not yet clarified. Understanding the role of NPs in enhancement of 
electron transfer is important for both fundamental and applied research.  
          In order to move a step forward to understand this ambiguous role of NPs in 
efficient electron transfer, we immobilize tetraocytal ammonium bromide (TOAB)-
stabilized Pt, Pd, Au and Ag NPs on 1,8-octane dithiol coated electrode  for  studying the 
impact of nature of  NPs on DET redox proteins. By changing the nature of NPs will alter 
the electronic coupling between redox couple and underlying electrode and hence it is 
expected to induce comparative changes in the rate of electron transfer. The present study 
gives an insight to understand mechanism of NP mediated enhanced interfacial electron 



















The main research contents and conclusion are listed as follows. 
(1) TOAB-stabilized Au, Pd, Ag and Pt nanoparticles were prepared by organic phase 
method in the absence thiol molecules. TEM analysis indicates roughly spherical 
nonaglomerated, well separated NPs for each of the four nano-particles. The results reveal 
that the size of all four elements can be controlled in the average size range of 3-14 nm by 
tuning the amount of NaBH4 and stabilizing/metal ion ratio. In addition, MPA, TA 
stabilized Pd, and Pt were prepared and characterized by TEM.  
(2) Successful immobilization of TOAB-stabilized Pt, Pd, Au and Ag NPs were achieved 
by immersing 1, 8-octaindithiol coated electrode in respective colloidal solution. XPS 
study suggest that 1,8-octaindithiol form a monolayer on Au surface Through one of two-
SH group and the other -SH group is pointing away from electrode surface. AFM & STM 
images demonstrated that the NPs of all four metal form densely packed mono-layers on 
the surface of dithiol coated electrode with no aggregation. The short time immobilization 
of the TOAB-stabilized NPs was attributed to the labile nature of TOAB adsorption on the 
electrode surface. Cyclic voltammetric study of the NPs modifieds electrode in H2SO4 
solution confirm the immobilization of NPs.  
(3) The electronic communication between the immobilized metal nanoparticles and the 
underlying bulk electrode was confirmed by cyclic voltammetry in Ru (NH3)6
+2/3 solution. 
The formal potential E0 value for the Ru (NH3)6+
2/3 couple of Pt and Pt NPs shift from -
0.128 to -0.161V for pt and from -0.128 to -0.165 for Pd NPs modified electrode from that 
of bare gold electrode versus Ag/AgCl. The shift of Eo for Pt and Pd NPs modified 
electrode is in energetically difficult direction, indicating that the chemical attachment of 
NPs to the underlying electrode through linker molecules might play important role in 
NPs mediated enhanced electron transfer. The Pt and Pd NPs simply increase electronic 
coupling between the redox species and underlying electrode which leads to an efficient 
electron transfer like bare electrode. The rate of electron transfer for NPs modified 
electrode decreases in the order of Ag › Au › Pd ›Pt. The higher electron rate constant 
values for Au and Ag NPs as compared to Pd and Pt NPs might be explained on the basis 

















conductivities due to large electron spill over as compared to Pt and Pd elements. 
Changing the nature of bulk electrode from Au to Pt, Ag etc and by changing the 
functional groups at terminal end of SAMs are desirable to further verify the above 
experimental results. 
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  1. 在没有硫醇的情况下运用有机相合成法合成由 TOABr 保护的 Au、Pd、Ag 和 Pt
纳米粒子。TEM 分析说明这四种纳米粒子基本上呈单分散较好的球形，而且可以通
过调节 NaBH4 的量以及保护剂 /金属离子间的比例将纳米粒子的尺寸控制在 3-14 
nm 的范围。此外，还合成了由 MPA 和 TA 保护的 Pd 和 Pt 纳米粒子，并通过 TEM 加
以表征。 
   2. 通过浸泡相应的纳米粒子的胶体溶液，成功的将 TOAB 保护的 Pt，Pd，Au 和
Ag 纳米粒子锚定在 1,8-双巯基硫醇修饰的电极表面。XPS 结果显示 1,8-双巯基硫
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